Context. Apparent period variations detected in several eclipsing, close-compact binaries are frequently interpreted as being caused by circumbinary giant planets. This interpretation raises the question of the origin of the potential planets that must have either formed in the primordial circumbinary disk, together with the host binary star, and survived its evolution into a close-compact binary or formed in a post-common-envelope circumbinary disk that remained bound to the post-common-envelope binary (PCEB). Aims. Here we combine current knowledge of planet formation and the statistics of giant planets around primordial and evolved binary stars with the theory of close-compact binary star evolution aiming to derive new constraints on possible formation scenarios. Methods. We compiled a comprehensive list of observed eclipsing PCEBs, estimated the fraction of systems showing apparent period variations, reconstructed the evolutionary history of the PCEBs, and performed binary population models of PCEBs to characterize their main sequence binary progenitors. We reviewed the currently available constraints on the fraction of PCEB progenitors that host circumbinary giant planets. Results. We find that the progenitors of PCEBs are very unlikely to be frequent hosts of giant planets ( < ∼ 10 per cent), while the frequency of PCEBs with observed apparent period variations is very high (∼ 90 per cent). Conclusions. The variations in eclipse timings measured in eclipsing PCEBs are probably not caused by first-generation planets that survived common-envelope evolution. The remaining options for explaining the observed period variations are second-generation planet formation or perhaps variations in the shape of a magnetically active secondary star. We suggest observational tests for both options.
Introduction
The discovery of extrasolar planets (exoplanets) in the nineties and the subsequent detection of more than 700 exoplanets until now (Schneider et al. 2011 ) has taken us much closer toward answering fundamental questions, such as how planets form from circumstellar material and what the fate of planetary systems is when their host stars evolve into giant stars and compact objects. Especially that exoplanets have been detected in rather unexpected exotic environments might go further pave our way towards solving these important questions.
Pulsar timings have led to detecting the first confirmed exoplanet orbiting the pulsar PSR B1257+12 (Wolszczan & Frail 1992; Wolszczan 1994) , and continued monitoring of the system has revealed the existence of a second and a third planet (Wolszczan 1994) , even the possibility of a fourth one (Wolszczan 1997) . The first exoplanet around a solar-type star, a Jupiter-mass companion to the star 51 Pegasi, was identified and confirmed thanks to radial velocity variations (Mayor & Queloz 1995) . This finding generated large radial velocity surveys for exoplanets, and meanwhile more than 600 planets around main sequence (MS) stars have been identified using this method.
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Circumbinary exoplanets around binary stars composed of two MS stars (MS+MS binaries) were predicted long ago, but only recently have the first six detections been possible (Doyle et al. 2011; Welsh et al. 2012; Orosz et al. 2012a,b) .
Among the perhaps most unexpected potential planet detections are those derived from apparent period variations (or eclipse time variations), frequently measured in eclipsing, close-compact binary stars containing a white dwarf (WD) or hot subdwarf B (sdB) primary star and a low-mass star companion. The first of these substellar third bodies, a brown dwarf (BD), was announced roughly a decade ago around the post-common-envelope binary (PCEB) V471 Tau (Guinan & Ribas 2001) . At present, detection of substellar and mostly planetary circumbinary companions has been claimed for a dozen eclipsing, closecompact binaries containing WD or hot sdB primary stars (see Beuermann et al. 2010 , for the most convincing example). While the parameters derived for these potential circumbinary giant planets have to be considered with extreme caution, it is true that a large number of PCEBs show apparent period variations that might be explained by changes in the light travel time caused by a circumbinary giant planet. We present an observational census of eclipsing, close-compact binaries and eclipse timing measurements in the appendix.
If confirmed, PCEBs as hosts of giant planets are particularly interesting because the binary host star passed through a special evolutionary phase: common-envelope (CE) evolution. As outlined by Paczyński (1976) and described in much more detail by Webbink (1984) CE evolution occurs once the initially more massive star (the primary) evolves. If it fills its Roche lobe during one of the giant phases, when it has a deep convective envelope, dynamically unstable mass transfer to the less massive component (the secondary) begins. The secondary is not able to adjust its structure on the mass-transfer time scale. The material lost by the primary therefore initially fills the Roche lobe of the secondary and then grows to form a noncorotating CE that surrounds the core of the giant and the secondary star. Owing to drag forces within the envelope, orbital energy is extracted from the binary and transferred to the envelope, which dramatically reduces the separation between the core of the primary and the secondary star in a spiraling-in process, until the envelope becomes unbound and is ejected from the binary. The remaining system is a PCEB consisting of the core of the primary (a compact object) and an MS companion, in a close but detached orbit. The short duration of the CE phase ( < ∼ 10 3 yr) means that the mass of the secondary star is assumed to remain constant (Hjellming & Taam 1991) , and the mass of the compact object should be equal to the mass of the core of the giant at the onset of mass transfer (for more details of CE evolution see, e.g., Iben & Livio 1993; Webbink 2008; Zorotovic et al. 2010) .
The special evolution of the host binary stars implies that the claimed circumbinary planets must have either survived the dramatic evolution of the host binary star or must have formed as a consequence of this evolution. Which of these two spectacular scenarios might have taken place in PCEBs with candidate circumbinary planets is currently a completely open question (see, e.g., the discussion in Beuermann et al. 2010) . Answering it based on hydrodynamic simulations of CE evolution, such as those presented by Ricker & Taam (2012) , is currently impossible, because CE evolution is still relatively uncertain even without an embedded planet.
In this paper, we present the results of binary population synthesis simulations and reconstruct the evolutionary history of observed eclipsing PCEBs to characterize their MS+MS binary progenitors. Reviewing what is known about circumbinary planets and circumbinary planet formation around such MS+MS binaries, we conclude that the apparent period variations observed in PCEBs are very unlikely to be caused by giant planets that survived CE evolution, and we discuss alternative explanations. We start with a review of the observed sample of eclipsing PCEBs and the detected apparent period variations.
Giant planets around compact binaries?
In the past few years, it has been suggested that there are giant planets around several eclipsing, close-compact binaries to explain observed variations of eclipse timings. These discoveries have become possible thanks to both the increase in the number of known eclipsing systems in recent years and the improvement in the accuracy of the observed light curves and derived eclipse timings.
Almost a decade ago, Schreiber & Gänsicke (2003) analyzed 30 detached PCEBs when only 11 eclipsing systems, including the prototype V471 Tau, were known. The SDSS and intensive follow-up observations of WD+MS binaries, as well as the Catalina Realtime Transient Survey, significantly increased the number of known eclipsing, detached PCEBs. Table 1 lists the orbital parameters of 56 known eclipsing, detached PCEBs and separates systems with WD and sdB primary stars. We excluded eclipsing PCEBs that are in the center of a planetary nebula, because no accurate eclipse timings are available for those systems. A brief review of the observational history of the 56 eclipsing PCEBs can be found in the appendix.
Currently, 13 eclipsing, detached PCEBs consisting of an sdB (or sdOB) primary and a MS or BD companion are known. For an amazing fraction of ∼ 38 per cent, apparent period changes that might be caused by a third substellar body have been measured (systems in bold in Table 1) . Even more dramatic, as shown in the appendix, almost all systems that have been intensively followed up for more than ∼ 5 years show period variations that might indicate the presence of a third body, with AA Dor the only exception (Kilkenny 2011) .
The sample of known eclipsing, detached PCEBs with a WD primary contains 43 systems. For four of them, thirdbody detections using eclipse timing measurements have been claimed. Very few eclipse timings have been published for almost all other systems, mostly because the systems have been discovered fairly recently. In addition, several early eclipse timings are not reliable. This means that, as in the case of sdB+MS eclipsing binaries, all systems with accurate eclipse timings (error < ∼ 10 sec) covering > ∼ 5 years show apparent period changes that may indicate there is a third circumbinary object.
In the past few years, apparent period variations associated to the presence of a third body have also been observed for three cataclysmic variables (CVs): UZ For, HU Aqr, and DP Leo. CVs are PCEBs that evolved into a semidetached configuration where a Roche lobe-filling MS star (or a BD) transfers mass on the WD. Eclipsing CVs were discovered more than a century ago (see, e.g., Pogson 1857), and up to now there are almost 200 eclipsing systems among the ∼ 1000 CVs listed in the catalog of Ritter & Kolb (2003,V7.16) . A complete discussion of all these systems is beyond the scope of this paper, but for completeness, we list the parameters of the three CVs with claimed planet detections in Table 1 and briefly review the observational history of these three systems in the appendix.
The orbital parameters obtained with the best fit available for the claimed planets are listed in Table 2 . It should be noticed that, at present, not a single set of orbital parameters has been confirmed by new measurements. In addition, some of the claimed planetary systems seem to be unstable (see, e.g., Horner et al. 2011; Hinse et al. 2012) .
Still, the large fraction of PCEBs that show apparent period variations is intriguing. Nine out of ten detached PCEBs, which corresponds to a fraction of 90 ± 9 per cent, with accurate eclipse timing measurements covering ∼ 5 years show clear variations that might indicate the presence of a third body. If these potential planets have formed prior to CE evolution, a similarly large fraction of the MS+MS progenitor binaries of PCEBs must also host giant planets. To evaluate whether this might indeed be the case, we need to derive the orbital and stellar parameters of the PCEB progenitors.
Binary population simulation
To characterize the progenitors of PCEBs we performed binary population studies of PCEBs containing a WD or an sdB primary. We complement our simulations by reconstructing the evolutionary history of the observed sample using the code described in Zorotovic et al. (2011a) .
Binary population studies of WD+MS PCEBs have been previously performed by several authors (see, e.g., de Kool & Ritter 1993; Willems & Kolb 2004; Politano & Weiler 2006 , 2007 Davis et al. 2010) , and recently, Clausen et al. (2012) have simulated the population of sdB+MS binaries. We here present the first population simulation of PCEBs including both systems with WD and sdB primary stars. In addition, it is the first time that the present-day population of PCEBs is simulated with a low value of the CE efficiency, including a fraction of the recombination energy, based on the results of Zorotovic et al. (2010) . A full parameter study will be presented elsewhere.
Initial conditions and assumptions
We use a Monte Carlo code to generate an initial population of 10 8 MS+MS binaries. The mass of the primary star is distributed according to the initial mass function (IMF) of Kroupa et al. (1993) ; i.e., the number of primaries with masses in the range dM 1 is given by dN ∝ f (M 1 )dM 1 where f (M 1 ) is given by
(1)
The mass of the secondary is assumed to be distributed according to a flat initial-mass-ratio distribution, i.e. n(q) = constant, where q = M 2 /M 1 . The initial orbital separation a i follows the distribution h(a i ) = 0 a i /R ⊙ < 3 or a i /R ⊙ > 10 6 , 0.078636a (Davis et al. 2008) . We also assign a "born time" (t born ) to all the systems, corresponding to the age the galaxy had when the system was born, and assume that each t born between 0 and the age of the galaxy (t gal ∼ 13.5 Gyr) is equally likely, which corresponds to assuming a constant star formation rate.
Once the initial population has been generated, we use the latest version of the binary-star evolution (BSE) code from Hurley et al. (2002) to evolve the systems. We have slightly updated the BSE code: the critical mass ratio for dynamically stable mass transfer when the primary is in the Hertzsprung gap was changed from 4.0 to 3.2 (Han et al. 2003) , and the rate of angular momentum loss due to magnetic braking was multiplied by the normalization factor provided by Davis et al. (2008) . Finally, we corrected a small mistake found by Robert Izzard (private communication) 1 1 Eq. 32 from Hurley et al. (2002) , related to tidal effects in close binaries, was misspelled in the code. The correct equation is fconv = min 1,
, while in the code it was written fconv = min 1,
The systems are evolved for t evol = t gal −t born , to obtain the current orbital and stellar parameters. We assume a CE efficiency of 0.25 based on the results of Zorotovic et al. (2010) and the same fraction of recombination energy is included to compute the binding energy of the envelope.
Results
After evolving the systems, we obtain more than 4 × 10 5 detached PCEBs consisting of a WD and a MS star or BD secondary. The mass and core composition of the WD clearly depend on the evolutionary stage of the primary star when the CE phase occurs.
If the primary fills its Roche lobe during the first giant branch (FGB), the core will be mainly composed of helium. After the envelope is expelled, the core will not be massive enough to ignite helium and will evolve into a low-mass (< 0.5M ⊙ ), helium-core WD (He WD).
If the CE phase occurs close to the tip of the FGB, the core of the primary may be massive enough to start helium burning following envelope ejection. The minimum core mass for which this occurs depends on the initial mass of the primary (see, e.g., Han et al. 2002) . When helium ignites after envelope ejection, the star becomes a hot sdB star, i.e. a helium-core-burning star with a very thin (< 0.02M ⊙ ) hydrogen envelope and a typical mass of ∼ 0.45 − 0.5M ⊙ . It remains in this stage for ∼ 10 8 yr until helium is exhausted in the core. The low mass of the envelope means the star cannot ascend the asymptotic giant branch (AGB) and instead becomes a WD (for a recent review of sdB stars see Heber 2009 ).
Finally if the primary fills the Roche lobe on the AGB the core of the primary will be more massive (> 0.5M ⊙ ), and it will become a carbon/oxygen-core WD (C/O WD) after the ejection of the envelope. Very massive primaries can also produce oxygen/neon-core WDs but for the sake of simplicity we here call all post-AGB WDs C/O WDs.
The BSE code does not distinguish between He WDs and sdB stars; i.e., all the systems that enter the CE phase when the primary is on the FGB are assumed to evolve into PCEBs with He WD primaries. However, based on their current and initial masses, we can identify which of these systems are actually SdB stars: those with a mass higher than the minimum core mass (M min c ) needed to ignite helium after the envelope is lost. To compute M min c we here use the results from Han et al. (2002, their Table 1) , assuming a Reimers' wind mass-loss law (with η = 1/4) and solar metallicity 2 . We divide the PCEB systems into four types, depending on the type of primary star they contain: i) He WD primary, i.e., systems where the primary filled the Roche lobe on the FGB and M wd < M min c ; ii) sdB primary, i.e., systems where the primary filled the Roche lobe close to the tip of the FGB with M wd ≥ M min c , which happened less than 10 8 yr ago; iii) post-sdB primary, i.e., like the latter but if the CE phase occurred more than 10 8 yr ago, which means that the primary has been a helium burning sdB but has al- for two fixed values of metallicity (0.02 and 0.004). However, it can be seen from their Fig. 1 that the difference is not dramatic for stars with initial masses below ∼ 1.8 M⊙, which is the case for almost all the systems we obtain (see our Fig 2) ready evolved into a WD; iv) C/O WD primary, i.e., systems that entered the CE phase when the primary was on the AGB. Owing to the short duration of the sdB phase, we expect to find very few systems with primaries in this stage.
It should be noticed that sdB stars can also be formed in binaries through stable mass transfer. However, their orbital periods are expected to be typically about two orders of magnitude larger than those of PCEBs (e.g., Podsiadlowski et al. 2008 ), so we do not take into account this formation scenario here.
3.2.1. The predicted current PCEB population Table 3 summarizes the number of systems that are found in each of the four groups just described, as well as their average orbital parameters. The subscript "f" corresponds to the final (current) value. As expected, very few (∼ 2%) systems with sdB primaries are still in this stage. The sample is dominated by systems with C/O WD primaries. The relative number of systems with each type of primary depends on the value assumed for the CE efficiency, but the shape of the distributions are not significantly affected (see, e.g., Willems & Kolb 2004; Politano & Weiler 2007) . The resulting orbital period, primary mass, and secondary mass distributions of the predicted current PCEB population are shown in Fig. 1 . The complete population of detached PCEBs is represented by the gray shaded histograms. Distributions separating different types of primaries stars are shown as color histograms. Since we have obtained a very low percentage of systems that still contain an sdB primary, we multiplied the number of systems in each bin by ten (in green).
Systems in which the primary fills the Roche lobe at a more advanced evolutionary stage, which usually corresponds to a longer initial period, may also end up with a longer final period. This is clearly reflected in the average final periods listed in Table 3 , where the larger orbital periods are for systems containing C/O WDs, and is in perfect agreement with observations of WD+MS PCEBs (Zorotovic et al. 2011b ). However, it should be noticed that the the mean value (P f ) of the period distribution for PCEBs containing C/O WDs is strongly affected by a huge tail towards very long orbital periods. This tail corresponds to systems that fill the Roche lobe very late on the AGB and whose orbital separation decreases very slightly during CE evolution owing to the large amount of recombination energy available within the envelope. This is also reflected in the high value of the standard deviation for the mean value. Therefore, we also give in Table 3 the value of the median ( P f ), which is a better representation of the peak of the distribution and which still agrees with the results of (Zorotovic et al. 2011b) .
As expected, systems containing C/O WDs have M 1,f > 0.5M ⊙ , while progenitors that filled their Roche lobe on the FGB have M 1,f < 0.5M ⊙ separated by a small gap. The lower boundary of this gap is given by the maximum core mass that a giant star can have at the end of the FGB (∼ 0.48M ⊙ ). The upper boundary appears because the radius of the star at the beginning of the AGB is smaller than at the end of the FGB. The minimum WD mass for a star that filled its Roche lobe during the AGB is given by the core mass at which the radius first exceeds the maximum Figure 1 . Current orbital period (left ), primary mass (middle), and secondary mass (right ) distribution of the simulated PCEB population, separated according to the type of primary star they contain. The gray shaded histograms represent the entire population.
FGB radius. This happens for core masses ∼ 0.51M ⊙ 3 . The mass distributions of He WDs and sdB (or post-sdB) stars overlap slightly, because the minimum core mass to ignite helium depends on the initial mass, but He WDs are in general slightly less massive than sdBs.
The distribution of companion masses is similar for all types of PCEBs, which is also consistent with the observations. There are more and more systems with increasing secondary masses, with a steep decline at M 2 ∼ 0.35M ⊙ , i.e. at the boundary for fully convective secondaries. According to the disrupted magnetic braking theory, systems with more massive secondaries suffer from angular momentum loss due to magnetic braking, in addition to gravitational radiation, and hence spend less time in the detached phase. This effect has been predicted theoretically by Politano & Weiler (2007) and observationally confirmed by Schreiber et al. (2010) . As expected, the orbital parameters for systems with sdB and post-sdB primaries are similar, with systems with a post-sdB primary having slightly shorter orbital periods since they have had more time to evolve towards shorter periods after the CE phase.
Relating the initial separation and final system parameters
In the context of detecting circumbinary planets around PCEBs, the initial parameters of the systems, and their relation with the current parameters is crucial. One of the basic assumptions for the CE phase is that the mass of the secondary star remains constant, therefore the initial secondary masses are almost identical to the current secondary masses. The distributions of initial primary masses and initial separations are shown in Fig. 2 , and the mean values are listed in Table 4 . Again, systems with sdB and post-sdB primaries cover the same range of initial parameters. As in Fig.1 the number of systems with sdB primaries was multiplied by ten in Fig. 2 . Table 3 . Current orbital properties of the simulated PCEB population separated by the type of primary star. The last column gives the median value for P f , while all the others correspond to the means (see text for details). Table 4 . Initial primary mass, mass ratio, and orbital separation of the simulated PCEBs with the different primary types previously defined.
[ Table 1 . The dashed vertical line corresponds to 1 AU.
All the primaries that fill their Roche lobe on the FGB, i.e. the progenitors of PCEBs with sdB and He-core WD primaries, descend from low-mass stars (M 1,i < ∼ 1.8M ⊙ ), while the progenitors of C/O WDs are generally more massive and cover a wider range of masses.
Apparently, most PCEBs have formed from binaries with relatively small initial separations a i < ∼ 1000R ⊙ , i.e. ⊙ . This is not surprising, because the radius of a giant star increases as the star evolves and the mass of the core grows, and therefore, larger separations are needed for the Roche lobe to be filled with a more massive core.
The relation between the initial binary separation and the initial and final stellar masses is shown in Fig. 3 . There seems to be a relation with the initial primary mass and, more evidently, with the final WD mass. This is a consequence of the radius of a giant star depending almost exclusively on the core mass, i.e. on the mass of the future WD. This implies that the initial separation should also be larger in order to allow the star to evolve to this stage without filling the Roche lobe.
To compare the predictions of our simulations with the observed sample of eclipsing PCEBs, we use the reconstruction algorithm presented in Zorotovic et al. (2011a) to obtain the initial orbital parameters for all the systems in Table 1 with available periods and masses. The resulting values are included in Fig. 2 in the upper part of each panel 4 . The sample of observed eclipsing PCEBs is naturally biased towards short orbital periods, hence also slightly towards small initial binary separations of just a few AU, but otherwise the properties of the simulated and reconstructed PCEBs are similar.
In summary, we found that PCEBs in general and the observed population of eclipsing PCEBs in particular descend from binaries with primary masses of M 1 ∼ 1−3M ⊙ , secondary masses from 0.1 − 1.0M ⊙ and initial separations of a i < ∼ 5 AU. 
Planet formation and planets around MS+MS binaries
In the previous sections we have derived the properties of the MS+MS binary progenitors of PCEBs. In what follows we review what is known about planet formation and circumbinary planets around such MS+MS binaries. We start with a brief review of planet formation theories.
Giant planet formation
Giant planet formation theory has been developed early for the solar system and the pioneering works of the two still today competing models, i.e. the core-accretion model (Safronov 1969; Goldreich & Ward 1973 ) and the diskinstability model (Cameron 1978) , were published well before the first exoplanets were identified. According to the disk-instability scenario, massive protoplanetary disks may fragment into dense cores that can contract further and form giant planets. Gravitational instabilities occur if Toomre's Q parameter (Toomre 1964) approaches unity and if the local cooling time is shorter than or equal to the orbital period at a given radius. Current models almost concordantly (to the best of our knowledge, the only exception is Boss 2012) show that such conditions might be present in massive young ( < ∼ 1 Myr) disks and only at distances from the central star > ∼ 20 − 100 AU (e.g., Boley 2009; Cai et al. 2010 ). However, migration of the planet and scattering can redistribute the planetary orbits, and one can therefore not exclude relatively close planets also being formed due to disk instabilities.
According to the alternative scenario, the core-accretion model, larger protoplanetary cores are built by the accretion of planetesimals until the core is massive enough to accrete gas from the surrounding protoplanetary disk. The accretion of planetesimals is relatively slow, and the formation of giant planets according to the core-accretion models takes around four million years (Alibert et al. 2005) . The strengths of the core-accretion model are that it naturally explains the planet-metallicity relation (Fischer & Valenti 2005) , that gas giants formed by core accretion are enriched due to the accretion of planetesimals as was been found to be the case in our solar system (Young 2003) , and that rocky planets can form due to basically the same mechanism. Furthermore, population models based on the coreaccretion scenario predict mass and semi-major axis distributions in agreement with observations (Ida & Lin 2004; Alibert et al. 2005) . Only very few massive planets around low-metallicity stars might be difficult to be explained within the core-accretion scenario (Mordasini et al. 2012) . The core-accretion model is currently the favored formation model for most giant planets although giant planet formation due to disk instabilities cannot be excluded.
Multiplicity and exoplanets
Already almost two decades ago, Ghez et al. (1993) were the first to find a difference between the binary separation distributions of classical accreting T Tauri stars (CTTS) and disk-less weak-lined T Tauri stars (WTTS), in the sense that the fraction of WTTS to CTTS is increased for short projected separations < ∼ 50 AU. This finding has meanwhile been impressively confirmed by several studies using the unprecedented database provided by the Spitzer survey (e.g., Cieza et al. 2009 ), and similar results are found for the transition disk (Cieza et al. 2012 ) and debris disk systems (Rodriguez & Zuckerman 2012) . The lack of binary stars with projected binary separations ∼ 1 − 100AU among samples of young stellar objects still hosting a disk may indicate a short lifetime of circumbinary disks around these close binaries.
Indeed, very recently, Kraus et al. (2011 Kraus et al. ( , 2012 have presented results of a high-resolution imaging study of the Taurus Auriga star-forming region of mostly solar type stars (M ∼ 0.25 − 2.5M ⊙ ) and compared the fraction of pre-MS stars hosting disks at different ages. They clearly show that the paucity of binaries among CTTS, transition disks, and debris disks is explained by the short lifetime of most circumbinary protoplanetary disks, i.e. < ∼ 1 Myr. As this is short compared to the time scale of giant planet formation according to the core-accretion model, only a small fraction of these binaries should host circumbinary planets if core accretion is indeed the main channel for forming giant planets.
In addition to the short lifetimes of circumbinary disks around solar-type binary stars with projected separations > ∼ 1 AU, the search of planets around MS+MS binary stars within the field of NASA's Kepler mission revealed a low frequency of giant planets around even closer solar-type MS+MS binaries. The first planet around a pair of MS stars, Kepler-16, was found by Doyle et al. (2011) . Later, Welsh et al. (2012) found two more planet transits-like events around the MS+MS binaries Kepler-34 and Kepler-35, in a survey of 750 eclipsing binaries with periods ranging from 0.9 to 276 days, from Kepler's survey of MS+MS binaries. These three systems have binary periods longer than 20 days, while most of the systems observed by Kepler (> 80%) have shorter orbital periods. Considering that it is more likely to detect planets around short-period systems, this suggests a much lower rate of gas giant planets around the shorter period binaries. Based on geometric arguments, Welsh et al. (2012) infer a lower limit of ∼ 1% of circumbinary giant planets with periods around 100-200 days in close binaries (P = 0.9-50 days).
In summary, the low frequency of circumbinary planets complements the apparently short lifetimes of circumbinary disks for projected separations of > ∼ 1AU. We conclude that evidence for small numbers of circumbinary giant planets around close solar-type binary stars is growing. Such binary stars are the progenitors of PCEBs, so that the high frequency of apparent period variations observed in eclipsing PCEBs (see Sect. 2) is unlikely to be caused by giant planets that survived CE evolution. In fact, the only remaining possibility to explain the period variations observed in nearly all PCEBs due to such first-generation planets requires that nearly all first-generation circumbinary disks form giant planets at large separations that are not yet detectable with Kepler. Furthermore, these planets must form due to the fast disk-instability mechanism that is not in conflict with the short disk lifetimes mentioned above. While current observations cannot entirely exclude this possibility, it appears unlikely given that a flat extrapolation of the observed planet separation distribution to separations of 3 − 10 AU around single stars predicts that only ∼ 12 per cent may host giant planets (Marcy et al. 2005) .
Discussion
In the previous sections we obtained the following results -From the 56 eclipsing, detached PCEBs with MS or BD secondaries, accurate eclipse time measurements covering more than around five years have been obtained for ten systems. All of these but AA Dor show apparent period changes that might indicate the presence of circumbinary planets. -The progenitors of PCEBs are MS+MS binaries with initial separations of ∼ 0.5 − 5 AU, similar to those tested by Kraus et al. (2012) and Welsh et al. (2012) . -The reduced lifetime of circumbinary protoplanetary disks does not allow the frequent formation of circumbinary planets around close MS+MS binaries ) within the core-accretion model. This has been shown for projected separations ∼ 1 − 40 AU and is likely to also be true for closer binaries (Welsh et al. 2012 ).
These results suggest that the apparent period changes in PCEBs are not likely to be caused by circumbinary giant planets that formed in the circumbinary protoplanetary disk around the initial MS+MS binary. Instead, if the variations are indeed caused by circumbinary planets, the planets may have formed following CE evolution in a second-generation disk. The idea of secondgeneration planets goes back to the first exoplanet discovered around the pulsar PSR B1257+12. According to Tavani & Brookshaw (1992) , a circumbinary protoplanetary disk may have formed around the pulsar from evaporated material that did not leave the system. More recent models start from supernova fallback disks and can reproduce the observed eccentricities and masses of the planetary system around PSR B1257+12 (Hansen et al. 2009 ). It is therefore reasonable to suggest that also the claimed planets around PCEBs have a second-generation origin. In such a scenario, a protoplanetary disk must have formed following the CE ejection. This idea is supported by recent simulations of CE evolution indicating that envelope ejection can be incomplete, i.e. up to ∼ 10 per cent of the ejected material may remain bound to the PCEB and is likely to form a circumbinary disk (Kashi & Soker 2011; Ricker & Taam 2012) . If the apparent period changes in PCEBs are indeed caused by planets formed in such a second-generation protoplanetary disk, the planet formation process must proceed on a short time scale since the cooling age of the most convincing PCEB with planets, NN Ser, is just a million years. It must also be very efficient because nearly all PCEBs with accurate eclipse timings show apparent period variations. Below we discuss several options of second-generation planet formation and add a note of caution concerning the third-body interpretation.
Second-generation disk instabilities
The disk-instability model offers planet formation on short time scales that could solve the disagreement with the circumbinary planets around very young PCEBs such as NN Ser. However, in general, the disk-instability model still has to overcome serious problems, as recently discussed by Zhu et al. (2012) . The orbital separations of the claimed planet detections around PCEBs disagree with the predictions of the disk instability model. Almost all the claimed planets are in orbits with a < ∼ 10 AU (see Table 2 ), while the conditions for forming planets according to the diskinstability scenario occur at distances > ∼ 20 AU from the central star. Significant planet migration and/or scattering would thus be necessary. Furthermore, given the high frac-tion of PCEBs showing period variations would require that nearly all post-CE circumbinary disk are unstable and form giant planets. Although this scenario cannot be excluded, it is not clear why second-generation disks should be almost always unstable, fragment, and form giant planets, while disks around young single stars and MS+MS binaries seem to form giant planets in only about ten per cent of all cases. Therefore, second-generation disk instabilities do not appear to be the most promising solution.
Second-generation rapid core accretion
Planet formation according to the core-accretion model is more likely for higher metallicities (e.g. Fischer & Valenti 2005) , and therefore the production of massive elements during the AGB evolution might favor the formation of second-generation giant planets. Indeed, dusty disks surrounding binary post-AGB stars are a well known phenomenon. Waters et al. (1998) were the first to claim that such disks are similar to protoplanetary disks and may lead to the formation of planets. More recently, evidence has grown that dust-processing in these disks and in protoplanetary disks around young stars is probably very similar (Gielen et al. 2008 ). Moreover, a debris second-generation disk around an isolated neutron star has been detected (Wang et al. 2006) . Furthermore, the second-generation giant planet formation process might be fast if the envelope that forms the second-generation disk is rich of heavy elements, especially C and O, that trigger enhanced dust production and planet formation (Petigura & Marcy 2011) . Significantly enhanced dust-to-gas mass ratios may be able to explain both the high frequency of circumbinary planets and the short time scale of the second-generation planet formation required to explain the youth of the WD in NN Ser (∼ 1 Myr). Therefore, the second-generation, rapid coreaccretion scenario seems to be a reasonable option to explain the observed apparent period variations.
Even better, based on the above, the second-generation disk model makes predictions that can be tested observationally. Enrichment of the envelope with heavy elements is well established as occurring at the end of the AGB but should be completely absent on the early FGB. As a result, second-generation disks around PCEBs with highmass C/O WD primaries should have much higher metallicities than around systems with low-mass He WD primaries and should therefore be found to more frequently host giant planets 5 . A borderline case is PCEBs with sdB primary stars. Some authors claim that dust production may also occur very close to the tip of the FGB (Boyer et al. 2010) , precisely where the progenitors of sdBs fill their Roche lobes. The evolution towards sdB stars is far from being completely understood. Late He-flashes may well lead to mixing in systems that experienced significant mass loss, but details are missing. We know neither the details of CE evolution nor pulsations or late He-flashes that may occur at the tip of the FGB. All we know for certain is that sdB stars are burning He, which produces C/O, and one may speculate that this leads to enhanced metallicities in a potential second-generation disk around PCEBs with sdB primary stars.
The current data is inconclusive with respect to possible relations between the nature of the compact object and occurrence of circumbinary planets. There are nine PCEBs and three CVs with period variations attributed to circumbinary planets (see Table 1 ). Among the PCEBs, five of them contain an sdB primary, three a C/O WD, and only one a WD with M wd < 0.5. For the last, RR Cae, apparent period variations have been only recently detected, and still need to be confirmed. Also, the mass of the WD is high enough to be either a He WD or a post-sdB star. In the case of CVs, all of them contain C/O WDs, which is not surprising given the observed mass distribution of WDs in CVs (Zorotovic et al. 2011a ). These fractions agree with the second-generation disk scenario but are still far from providing clear constraints. Intense monitoring of a large sample of eclipsing PCEBs is required to test the predictions of second-generation planet formation.
A hybrid first-and second-generation scenario
Neptune-mass planets seem to be more frequent than giant Jupiter-like planets (Borucki et al. 2011) , at least around single stars. If this can be further confirmed, especially for planets around close MS+MS binary stars, it might be that second-generation planet formation is efficient because the remnants of lower mass planets survived CE evolution and serve as seeds for more massive planets. As these planets already have a few Earth masses, the formation of a giant planet might be faster than for first-generation giant planets, and the short cooling age of the WD in some PCEBs is no longer a problem. The predictions of this scenario are a high fraction of low-mass planets around MS+MS binaries, which subsequently can grow due to the accretion of gas left by the CE phase. If this is the case, there should be no relation between the type of compact object in PCEBs and the frequency of circumbinary planets. While low-mass circumbinary planets around MS+MS binaries have indeed recently been detected (Orosz et al. 2012a,b) , proper statistics of the frequency of low-mass circumbinary planets are not yet available.
A note of caution: are we really detecting planets?
As outlined in the introduction, pulsar timings led to detecting the first confirmed exoplanet orbiting the pulsar PSR B1257+12 (Wolszczan & Frail 1992; Wolszczan 1994) , so planets around compact binary stars do exist. However, one also has to keep in mind that the possible companion to PSR 1829-10 (Bailes et al. 1991) was retracted later (Lyne & Bailes 1992) .
The situation for PCEBs, and especially CVs, is similar. All we see are eclipse timing variations that can be reproduced well by assuming the existence of an orbiting circumbinary third body, but not a single set of eclipse times that confirms the parameters of a previously claimed planetary systems has been published so far. In contrast, some suggested planetary systems (e.g., Qian et al. 2010b Qian et al. , 2011 turned out to be dynamically unstable Hinse et al. 2012) or drastically disagreed with more re-cent high-precision eclipse timings . It therefore remains an open question whether we indeed identified a new, large, and exciting population of circumbinary extrasolar planets or if perhaps an alternative process, such as the frequently proposed Applegate's mechanism (Applegate 1992) or a so far unknown process acting in deeply convective secondary stars might be responsible for at least some of the observed timing variations. In this context, AA Dor, a PCEB that may contain a BD companion, is extremely interesting because it is so far the only PCEB with continuous high-precision eclipse time measurements that does not show any signs of apparent period variations (Kilkenny 2011) . One might therefore speculate that indeed the apparent period changes are somehow related to the existence of the convective secondary present in all PCEBs and CVs with claimed planet detections instead of being caused by circumbinary planets. Observations of eclipsing PCEBs with other types of secondary stars, i.e. with a WD or a BD companion (like e.g., SDSSJ0820+0008), may give new insight into this alternative possibility.
Conclusion
By combining binary population models with recent observational and theoretical results for the formation of circumbinary giant planets, we have shown that the apparent period variations seen in virtually all close-compact binaries with good coverage ( > ∼ 5 yr of mid-eclipse times with good accuracy) are unlikely to be explained by firstgeneration planets. The lifetimes of protoplanetary disks around MS+MS binaries are simply too short to form giant planets in most cases , and the observed fraction of planets around MS+MS stars further confirms this (Welsh et al. 2012 ). The remaining options for explaining the observed period changes are either secondgeneration planet formation or alternative explanations that do not involve the existence of third and fourth bodies. We proposed observational experiments to test both hypothesis.
First, if not caused by circumbinary planets but the active secondary, the period variations should not be detected in close WD binaries with a second WD component or with a BD secondary. Second, if caused by second-generation planets, a clear relation between dust production in the envelope of the compact object progenitor and planet frequency is expected; i.e., planets should be more frequent around compact binaries with C/O WDs than around those with a He-core WD primary. Continuous monitoring of all the eclipsing PCEBs listed in the appendix and also of all new systems that will be discovered will shed light on the origin of the observed apparent period changes in PCEBs. Table 1 . Orbital parameters for the currently known eclipsing PCEBs. Systems with suspected planets are in bold. We distinguish between detached systems containing sdB primaries, detached systems with WD primaries, and CVs. For the case of CVs we only list those with suspected planets (see Sect. 2 for details).
System
Alt. Name References.
(1) Beuermann et al. (2012b) , (2) (2011), (11) Goździewski et al. (2012) , (12) Beuermann et al. (2011) .
* The claimed third body is more consistent with a BD than with a planet. Notes: Very uncertain values are followed by ":".
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Appendix A: Notes on individual systems
A.1. Eclipsing sdB+MS/BD PCEBs
HW Vir is the prototype of HW Vir-like systems consisting of an sdB star with a late-type MS or BD companion. HW Vir systems have short periods (∼ 2 − 3 hr), and the light curves show very sharp primary and secondary minima and a strong reflection effect. HW Vir itself was discovered by Menzies & Marang (1986) , who determined the period. Kilkenny et al. (1994) Niarchos et al. 2003; Németh et al. 2005; Kruspe et al. 2007 ). They detected cyclic variations that were attributed to the light-travel time effect produced by the presence of a third object. Qian et al. (2010c) present new mid-eclipse times taken in 2009, propose the existence of a continuous decrease in the orbital period, and derive a mass for the third body corresponding to a substellar object, probably a BD. Ç amurdan et al. (2012) obtained new mid-eclipse times in 2010 December, which disagree with a long-term period decrease. They used a sinusoidal fit to adjust a third object in the system, which may be substellar or a very low-mass star, depending on the inclination. Recently, Beuermann et al. (2012a) have published new mid-eclipse times obtained between 2009 August and 2011 December, updated the ephemeris, and derive the parameters for a possible third body that seem to be more consistent with a substellar object.
HS 2231+2441 was discovered to be an eclipsing sdB with a low-mass, probably substellar, companion by Østensen et al. (2007) , who determined the ephemeris and estimated the masses. Mid-eclipse times monitored since 2006 (Qian et al. 2010c ) reveal a continuous decrease and cyclic variations in the orbital period. The cyclic oscillation suggests there is a third object in the system, and Qian et al. (2010c) estimate it may be a BD.
NSVS 14256825 was found to be an eclipsing sdB+dM binary by Wils et al. (2007) , who presented 19 primary mid-eclipse times obtained between 2007 June and September and derived the ephemeris and orbital parameters. The system has also been monitored since 2006 by Qian et al. (2010c) , whose preliminary results suggest a cyclic change in the orbital period. New mid-eclipse times obtained between 2010 September and 2011 October were published by Kilkenny & Koen (2012) . They found an increase in period, but a long baseline is needed to see whether this behavior is cyclic. In a parallel work, Beuermann et al. (2012a) present new mid-eclipse times obtained between 2009 July and 2011 October, which reveal an abrupt and continuous increase in the period after 2009. This is interpreted by the authors as the possible response to a third body in a highly elliptic orbit. In a very recent work, Almeida et al. (2012) have reanalyzed the system including ten new mid-eclipse times between 2010 July and 2012 August and find that the variations observed in the O-C diagram can be explained by two circumbinary giant planets.
NY Vir is an sdB+dM binary whose eclipsing nature was revealed by Kilkenny et al. (1998) . Subsequently, Kilkenny et al. (2000a) present mid-eclipse times from 1996 to 1999, determined the ephemeris, and find no significant changes in the orbital period. However, Kilkenny (2011) combine the previous results with new mid-eclipse times taken between 2001 and 2010 and find a continuous period decrease, which is too high to be due to gravitational radiation. The strong decrease was also seen by Ç amurdan et al. Qian et al. (2012b) have combined the previous results with nine new mid-eclipse times obtained in 2011 May, updated the ephemeris, and propose that the O-C diagram can be adjusted by a downward parabola plus a periodic variation produced by a planet orbiting the primary. They also suggest that the continuous period decrease may be part of a cyclic variation that may indicate the presence of a fourth object.
2M1938+4603 was found to be an eclipsing sdB+dM binary by Østensen et al. (2010) , who derived the ephemeris and orbital parameters. The available mid-eclipse times only cover the period between 2008 June and 2010 May and therefore no conclusion about apparent period variations can be drawn yet.
NSVS 07826247 is the longest period sdB+dM binary known to be eclipsing so far, discovered by Kelley & Shaw (2007) . Mid-eclipse times have been published by For et al. (2010 February to 2009 , Liying & Shengbang (2010 March to August), and Backhaus et al. (2012 . No evidence of period variation has been found so far, but more observations are needed in order to discard variations.
BUL-SC16 335 was found to be an eclipsing system by Polubek et al. (2007) , who suggest that it might be an HW Vir-like system based on the appearance of the light curve. They derived the ephemeris and estimate some of the orbital parameters. Tello & Jablonski (2010) rederived the orbital parameters and find disagreement with Polubek et al. (2007) . The parameters are still poorly constrained and no mid-eclipse times are available so far.
PG 1621+4737 has been found in the course of the MUCHFUSS (massive unseen companions to hot faint underluminous stars from SDSS, Geier et al. 2011a ) project by Geier et al. (2010) , who determined the period and estimated that the companion to the sdB star is a very latetype MS star or a BD. The system parameters are not constrained and there are still no published mid-eclipse times.
SDSSJ0820+0008 was discovered by Schaffenroth et al. (2011) , who detected the short period radial velocity variations, observed the eclipses in the light curve indicating an HW Vir-like systems, and determined the period. The mass of the sdB primary covers a wide range of possible solutions, and the companion seems to be a BD. The ephemeris was derived by Geier et al. (2011b) . Based on high-resolution spectroscopy with ESO-VLT/UVES Geier et al. (2012) confirm the substellar nature of the companion. They also find a significant shift in the system velocity with respect to the previous study, which may be produced by a third object in the system. However, more observations are needed.
ASAS 10232 was discovered by Schaffenroth et al. (2011) , who determined the period and observed the primary eclipse in the light curve. The reflection effect, typical of HW Vir-like systems, is clearly observed. The orbital parameters were derived based on photometry and spectroscopy, and no mid-eclipse time has been published so far.
AA Dor is a short-period eclipsing binary containing an sdOB primary (Kilkenny et al. 1978) . Although many subsequent investigations have been published (e.g., Kilkenny et al. 1979 Kilkenny et al. , 1981 Kudritzki et al. 1982; Rauch 2000; Hilditch et al. 2003; Fleig et al. 2008; Vučković et al. 2008; Rucinski 2009; Müller et al. 2010; , the nature of the companion is still not clear, with some authors favoring a BD companion while others favor a very low-mass M star. Eclipse timings were studied by Kilkenny et al. (2000b) , who found no evidence of any period variations between 1977 and 1999. Kilkenny (2011) increased the baseline by including 13 new primary eclipse timings obtained between 2000 and 2010, updated the ephemeris, and confirmed the stability of the orbital period.
EC 10246-2707 has recently been reported as an eclipsing sdB+dM binary by Barlow et al. (2012) , who estimate the orbital parameters, derive the ephemeris, and present 49 mid-eclipse times covering 15 years between 1997 February and 2012 June. The O-C diagram reveals no secular changes larger than 10 −12 s s −1 in the period. However, the relatively low precision of the timings does not allow to rule out small-amplitude variations such as e.g. those observed in NN Ser. Additional observations of eclipses with high precision are needed.
A.2. Eclipsing WD+MS PCEBs
NN Ser was discovered to have deep eclipses by Haefner (1989) , who classified the system as a DA+dM binary and measured the orbital period. Brinkworth et al. (2006) performed high-time-resolution photometry with ULTRACAM and detected a decrease in the orbital period that Applegate's mechanism fails to explain. They suggest it may be related to the presence of a third body. Qian et al. (2009a) propose a sinusoidal fit to the O-C diagram. Later, Parsons et al. (2010a,b) presented the result of eclipse observations performed with ULTRACAM since 2002, which disagree with the sinusoidal fit proposed by Qian et al. (2009a) . However, they still consider that a third body may be the cause of the observed period changes. Beuermann et al. (2010) monitored the system during 2010 and combined their new mid-eclipse times with all the previously published times, reanalyzing those where it was necessary. They conclude that the large amplitude variations observed in the period can only be caused by a third body, and even suggest that the best model is obtained with two giant planets around the binary. However, the existence of the fourth body is still rather uncertain.
V471 Tau is a DA+dK2 system discovered to be eclipsing by Nelson & Young (1970) . Period variations have been observed for a long time (e.g., Lohsen 1974) , and many possibilities were suggested in the past to explain the shape of the O-C diagram (e.g., Ibanoglu et al. 1994; İbanoǧlu et al. 2005; Guinan & Ribas 2001; Kamiński et al. 2007 ), such as perturbations by a third body in a long-period orbit, apsidal motion due to a low orbital eccentricity, or even mass transfer. Recently, Kundra & Hric (2011) have detected a change in the O-C diagram trend. This allows them to exclude mass transfer and other models that predict a further increase in the O-C value. After modeling the system, the authors find that the third component could be a BD or a very low-mass star, at a period of 33.2 years.
QS Vir was discovered in the Edinburgh-Cape faint blue object survey of high galactic latitudes (Kilkenny et al. 1997) , where the eclipses revealed its binary nature. O'Donoghue et al. (2003) suggest that it is a hibernating CV, which was questioned by Ribeiro et al. (2010) and ruled out by Parsons et al. (2011b) , who confirm that it is a detached system and not a hibernating CV based on highresolution UVES spectra. Orbital period variations were analyzed by Qian et al. (2010b) , who combined new and previously published mid-eclipse times, and propose that there is a giant planet and a continuous decrease in period due to magnetic braking. Parsons et al. (2010b) update the O-C diagram by including ULTRACAM photometry and find strong disagreement with the fit of Qian et al. (2010b) . They conclude that the decrease in orbital period is part of a cyclic variation that cannot be explained by Applegate's mechanism. A third body seems to be the most probable solution. Recently, Almeida & Jablonski (2011) have presented new mid-eclipse times and suggest that the best fit in the O-C diagram is obtained with a model with two circumbinary bodies, most likely a giant planet and a BD.
RR Cae is a WD+dM binary discovered as a high proper motion object by Luyten (1955) . The eclipses were first announced by Krzeminski (1984) , and further observations of the eclipses were presented by Bruch & Diaz (1998) and Maxted et al. (2007) . The later paper updated the ephemeris and finds no evidence of variations in the orbital period on a long time scale (∼ 10 yr). Parsons et al. (2010b) performed ULTRACAM photometry for the system, obtained two new mid-eclipse times, and combined these with all the previous eclipse times available in order to study possible period variation. They obtained a roughly sinusoidal variation in the O-C diagram, which can be explained via Applegate's mechanism. Qian et al. (2012a) have recently obtained six new mid-eclipse times that combined with those from the literature, show some evidence of a third object, a giant planet, and even possi-ble evidence of a fourth companion. The last needs to be confirmed.
DE CVn is a bright eclipsing WD+dM binary discovered as an X-ray source by ROSAT (Voges et al. 1999) . Recently, Parsons et al. (2010b) have obtained hightime-resolution photometry with ULTRACAM to obtain an accurate ephemeris. They combined their new mideclipse times with older times available in the literature (Robb & Greimel 1997; van den Besselaar et al. 2007; Tas et al. 2004) in order to study possible period variations. However, only the ULTRACAM data are reliable, and there are still too few to analyze possible long-term period changes.
GK Vir was discovered by Green et al. (1978) , who listed nine mid-eclipse times from 1975 April to 1978 February, and determined the orbital period. For more than twenty years there were no new eclipses observed. Between 2002 Parsons et al. (2010b observed seven primary eclipses with ULTRACAM and improved the ephemeris. After combining their points with those from Green et al. (1978) , they observed a period increase and a slight variation in O-C times. Drake et al. (2010) also published one mid-eclipse time for 2005 April. Recently, Parsons et al. (2012b) have obtained a new high-precision mid-eclipse time on April 2010 using ULTRACAM, which shows a clear deviation from linearity. The magnitude of the period change is small and therefore can be caused by Applegate's mechanism or due to a third body in the system. More data is needed before the true cause of this period change can be established. RX J2130.6+4710 was discovered to have eclipses by Maxted et al. (2004) , who determined the ephemeris and published three ULTRACAM mid-eclipse times obtained in 2002 and 2003 . No new mid-eclipse times are available.
SDSSJ0110+1326 and SDSSJ0303+0054 were identified as eclipsing binaries by Pyrzas et al. (2009) , who studied the eclipses between 2006 September and 2007 October, derived the ephemeris, and listed four and seven mid-eclipse times, respectively. Subsequently, Parsons et al. (2010b) analyzed accurate eclipses obtained during 2007 October using ULTRACAM and listed one and three new mid-eclipse times, respectively. They found some deviations from the ephemeris derived by Pyrzas et al. (2009) for SDSSJ0110+1326, while the eclipses for SDSSJ0303+0054 appear to be consistent in the two studies. However, given the short baseline and the large uncertainty in the mid-eclipse times derived by Pyrzas et al. (2009) further accurate observations are needed before long-term period changes can be explored. Recently, Backhaus et al. (2012) have presented six new mid-eclipse times for SDSSJ0303+0054 between 2011 August and November, which increases the baseline for this system. The new eclipses are still consistent with linear ephemeris, however the authors still do not exclude long-term period variations.
SDSSJ0857+0342 was first listed as an eclipsing system by Drake et al. (2010) , who observed the regular eclipses as part of the Catalina Realtime Transient Survey and determined the short orbital period, which makes it the closest detached WD+dM binary. They published a mid-eclipse time for 2005 April. Recently, Parsons et al. (2011a) have presented nine new mid-eclipse times obtained between 2010 December and 2011 January with ULTRACAM, and updated the ephemeris that is so far consistent with the eclipse time listed in Drake et al. (2010) . Independently, Backhaus et al. (2012) obtained seven more mid-eclipse times between 2010 November and 2011 October. Due to the uncertainty in Drake's eclipse, possible period changes cannot be discarded so far.
SDSSJ1210+3347 was discovered to be eclipsing by Pyrzas et al. (2012) , who obtained high-time-resolution photometry for nine eclipses between 2009 April and 2011 June using RISE on the Liverpool Telescope. They determined the orbital period and the ephemeris, however the mid-eclipse times still cover a short period of observation to study changes in the period. SDSSJ1435+3733 is a partially eclipsing binary discovered by Steinfadt et al. (2008) , who observed three eclipses in 2007 May and June. In a parallel study Pyrzas et al. (2009) independently identified the system, observed seven eclipses between 2007 February and May, and updated the ephemeris.
SDSSJ1548+4057 was found to be eclipsing by Pyrzas et al. (2009) , who derived the ephemeris and listed seven mid-eclipse times from May to 2008 July. Recently, Backhaus et al. (2012) presented six new mid-eclipse times between 2011 May and August, which are consistent with linear ephemeris but are still not enough to exclude longterm period variations.
CSS06653, CSS080502, CSS21616, CSS38094, CSS40190, CSS41631, and WD 1333+005 are all WD+dM binaries discovered to be eclipsing by Drake et al. (2010) as part of the Catalina Realtime Transient Survey. They only list one mid-eclipse time in 2005 April or May. Recently, Backhaus et al. (2012) present new mid-eclipse times obtained between 2011 January and October for all these systems, and derived the ephemeris again. The accuracy of Drake's eclipses is not good enough to confirm or exclude long-term period variations. However, most of the systems seem to be consistent with linear ephemeris (within a 2-σ error), except for CSS06653 and WD 1333+005, which exhibit an increase in the observed period that is more than the expected error with respect to Drake's mid-eclipse times. More observations are necessary to confirm or discard these trends.
CSS07125, CSS080408, CSS09704, CSS09797, CSS21357, and CSS25601 were also discovered to be eclipsing WD+dM binaries by Drake et al. (2010) with one mid-eclipse time in 2005 April or May listed, except in the case of CSS21357 where no eclipse time is presented. No further studies are available for these systems.
PTFEB11.441, PTFEB28.235 and PTFEB28.852 are three eclipsing systems recently discovered by Law et al. (2012) during the PTF/M-dwarf survey (Law et al. 2011) for transiting planets around M-dwarfs. Only one mideclipse time is available for each system in 2010 August, September, and November, respectively.
KIC-10544976 is a WD+MS PCEB in the field of Kepler mission, recently published by Almenara et al. (2012) . The authors list then mid-eclipse times: six in 2005, three in 2006, and one in 2008. Currently, the system has been continuously monitored by Kepler over two years, which makes it a good candidate to look for changes in the period in the near future.
SDSS J0821+4559, SDSS J0927+3329, SDSS J0946+2030, SDSS J0957+3001, SDSS J1021+1744, SDSS J1028+0931, SDSS J1057+1307, SDSS J1223-0056, SDSS J1307+2156, SDSS J1408+2950, SDSS J1411+1028 and SDSS J2235+1428 are all WD+MS PCEBs that were found to be eclipsing very recently by Parsons et al. (2012a) by correlating the SDSS WD+MS catalog with Catalina Real-time Transient Survey light curves. Only one mid-eclipse time is available for each system.
A.3. CVs with suspected planets
UZ For is an eclipsing polar (or AM Her type CV) discovered by Beuermann et al. (1988) . The orbital period has been analyzed by several authors (e.g., Ramsay 1994; Imamura & Steiman-Cameron 1998; Perryman et al. 2001) , who detected variations from linearity in the O-C diagram. Dai et al. (2010) detected an increase in the orbital period and possible cyclical changes, which they suggest may be produced by a third low-mass object in the system. Recently, Potter et al. (2011) have combined new high-speed photometry spanning ten years with previous mid-eclipse times to obtain a baseline of 27 years. They find that the O-C diagram is described best by a combination of two cyclic elliptical terms, probably due to the presence of two giant planets, and a secular variation.
HU Aqr is also an eclipsing polar discovered by Schwope et al. (1993) May, and find two cyclic variations in the O-C curve and a long-term period decrease that cannot be explained by gravitational radiation or Applegate's mechanism. They propose that the cyclic variations observed are due to the presence of two giant planets, and the long-term period decrease may reveal a third planet. However, the proposed orbital parameters for the two possible planets have been questioned by Horner et al. (2011) , who find the solutions extremely unstable on short time scales. Wittenmyer et al. (2011) used the same 82 eclipse egress times to fit different single-and double-planet models to the O-C diagram. They found that the best fits are obtained with two planets and that there is no need to invoke a third planet. Although their solutions are significantly different from the one given by Qian et al. (2011) , the new parameters for the possible planets are still dynamically unstable, which casts some doubt on their existence. They speculate about other mechanisms being responsible for the observed variations, such as changes in the shape of the secondary star due to dynamo effect. However, in a very recent work, Goździewski et al. (2012) publish almost 60 new eclipse egress times with better accuracy. Combining these with reanalyzed previous data, the authors find that a single circumbinary companion gives the best explanation for the O-C curve.
DP Leo was the first eclipsing polar discovered (Biermann et al. 1985) . A decrease in the binary period was noticed by Schwope et al. (2002) and Pandel et al. (2002) . Qian et al. (2010a) find a reversal of this trend, suggesting a sinusoidal variation that may be related to the presence of a giant planet. Beuermann et al. (2011) Schwope et al. (2002) . The data spanning more than 30 years since 1979 suggest there is a third body orbiting the binary, most likely a giant planet.
